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FOREWORD 


This  report  was  prepared  by  the  Thiokol  Chemical  Corporation, 


Reaction  Motors  Division,  Denville,  New  Jersey,  and  summarizes  work  in 


the  area  of  advance  oxidizer  chemistry  conducted  over  the  period  from 


January  1,  1966  to  June  30,  1966.  This  research  was  sponsored  by  the  Off  ce 


of  Naval  Research  with  Mr.  Richard  L.  Hanson  serving  as  Scientific  Officer. 


Contributors  to  the  work  described  in  this  report  are  as  follows; 


Dr.  Archie  R,  Young,  II,  Supervisor 


Mr,  Joseph  Dvorak,  Principal  Investigator 


Dr,  Scott  Morrow,  Synthesis 


Dr.  Josephine  Readio,  Infrared  Analysis 


Mr.  Boyd  Fagan,  X-ray  Analysis 
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ABSTRACT  -  INORGANIC  CHEMISTRY 


NjFsAsF^  was  observed  to  be  compatible  with  the  perchlorates;  KC10.|, 


NH4CIO4,  and  {CH3)4NC104,  in  the  solid  state.  Metathesis  with  perchlorates 


in  liquid  sulfur  dioxide  at  -50°C  was  unsuccessful  because  of  reaction  of 


N2F3ASF6  with  the  solvent  to  product  NOAsF^.  N2F3ASF6  reacts  rapidly  with 


the  Strongly  acidic  solvent,  HSO3F. 


Fluorination  of  CljNF  over  CsF  at  low  temperatures  gave  only  known 


compounds.  The  attempted  preparation  and  in  situ  fluorination  of  CF3OCI  was 
unsuccessful.  The  fluorination  of  a  purple  Clj-OzAsFfc  adduct  at  -80°C 


produced  an  unidentified  volatile  product,  in  addition  to  CIO3F  and  oxides 


of  chlorine. 
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IN  T  P.  ODU  C  TIO  N 

This  program  is  an  investigation  of  the  chemistry  of  compounds  containing 
certain  combinations  of  nitrogen,  oxygen,  fluorine,  and  chlorine,  that  have  been 
identified  by  theoretical  calculations  as  most  desirable  for  liquid  and  solid  rocket 
oxidizers.  Our  ultimate  objective  is  to  uncover  new  liquid  or  solid  structures 
containing  such  energetic  combinations  as;  O-F,  N-F,  O-N-F,  Ci-F,  O-Cl-F, 

and  Cl-O. 

During  the  past  six  months  we  have  continued  efforts  initiated  during  the 
previous  year  to  prepare  N2F3CIO4  by  metathesis  from  NjFsAsF^.  In  addition  we 
have  begun  a  study  of  the  fluorination  of  various  chlorine  compounds  as  an  approach 
to  new  inorganic  liquid  oxidizers.  A  minor  effort  has  been  devoted  to  some  aspects 
of  the  chemistry  of  organic  N-F  compounds.  This  "organic  phase"  will  not  be 
continued  during  the  remainder  of  the  current  year. 
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DISCUSSION  -  INORGANIC  CHEMISTRY 

A.  Attempts  to  Prepare  N2F3CIO4 

Last  year  we  studied  extensively  the  reaction  of  N2F4  with  AsF^,  from 
which  one  obtains  a  stable  solid  adduct  of  composition,  N2F4’ AsFj.  The  F'^u.m.  r. 

and  infrared  spectra  of  the  adduct  are  consistent  with  an  ionic  structure, 

.1. 

N2F3'AsF6  (Ref  1).  Thus  the  N2F4-ASF5  adduct  is  one  of  a  growing  family  of  ionic 
compounds  having  N-F  cations,  which  are  obtained  by  reactions  of  simple  covalent 
inorganic  NF  compounds  with  Group  V  pentafluorides  (eq.  1).  Among  other  cations 

NjjFy  +  MFs - >  NxFy.i  MF^'  (M=P.  As.  Sb)  (1) 

that  have  been  reported  recently  are  N2F  (Refs  1,  3,  4),  ONF2  (Ref  5),  and 
NF4'^  (Ref  6,  7). 

Although  the  existence  of  stable  hexafluoroarsenates  of  N-F  cations  is  of 
academic  interest,  their  value  to  oxidizer  research  rests  on  whether  they  may 
undergo  metathesis  without  decomposition  of  the  N-F  cation.  In  the  case  of  N2F^ 
(Ref  2)  we  found  that  attempted  metathesis  with  oxygen-containing  salts  results  in 
the  conversion  of  N2F^  to  N2O  (eq.  2).  Investigation  of  the  reaction  of  N2F3ASF6 
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N2FASF6  +  MCIO4 - >MAsF,  4  Nun  4-  nn  x:' 


(<i) 


with  perchlorates  was  iaitiated  las.  year.  I.  was  observed  that  HF  sclo.ions  of 


NzFjAsFfc  yields  N2F4  (eq.  .3)  upon  addition  of  KCIO4  (Ref  1). 


We  have  now  attempted 


N2F3ASF6  +  KCIO4  +  HF  - N2F4  +  HCIO4  +  KAsF. 


the  use  of  SO2  and  HSO3F  as  liquid  media  for  the 


preparation  of  N2F3CIO4, 


Unfor.uaa.ely,  both  of  these  solvea.s  were  found  ,o  react  extensively  wi.h  the 
N2F3^  ion. 

1)  Compatibility  of  NrFjAsFs  with  Dry  Perchlorates 

Approximately  equimolar  mixtures  of  NrFjAsF,  with  KCIO., 
NH,C10.,  and  (CH,).NC10..  respectively  were  examined  by  infrared  and  X-ray 
after  the  mixtures  had  been  ground  for  1-2  hours  under  dry  nitrogen.  In  each 
case,  visual  observation  Indicated  no  reaction  and  this  was  confirmed  by  the 
infrared  and  X-ray  spectra  that  were  obtained. 


2.)  Reaction  of  N2F3A8F6  with  Perchlorate 


s  in  Sulfur  Dioxide 


(3) 


It  has  been  reported  that  N^F.- SbFs  is  sufficiently  stable  In  SOr 

below  -45°C  to  permit  one  to  obtain  an  F^’  n  m 

F  n.m.  r.  spectrum  of  the  adduct  (Ref  5). 
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Therefore,  we  thought  it  possible  that  SO2  might  serve  as  an  inert  reaction 


medium  for  salts  at  low  temperatures. 


The  insoluble  perchlorate,  NH4CIO4,  was  suspended  in  an  SO2 
solution  of  excess  N2F3ASF6  for  two  hours  at  -50°C.  The  suspension  was  filtered 


and  an  infrared  spectrum  of  the  insoluble  residue  was  obtained.  There  was  no 


evidence  of  cation  exchange.  That  is,  the  characteristic  absorptions  of  the 


N2F3  cation  were  not  present. 


Sulfur  dioxide  was  added  to  mixtures  of  N2F3AsFfc  and  the  soluble 
perchlorate,  (CH3)4NC104,  at  -196°C  in  both  glass  and  Kel-F  reactors.  The  pale 


yellow  solutions  which  formed  at  -50“C  were  either  filtered  or  decanted,  and  both 


soluble  and  insoluble  solid  fractions  were  examined  by  infrared  and  X-ray.  In  each 
run  the  soluble  fraction  was  identified  by  X-ray  as  virtually  pure  (CH3)4NAsF(,. 


The  insoluble  fraction  was  predominantly  NOCIO4. 


At  this  point,  we  decided  to  determine  the  extent  of  reaction  of 
SO2  with  N2F3AsFe  at  -50°C.  A  sarixple  of  the  salt  still  exhibited  strong  N2F3^ 
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absorptions  in  the  infrared  (1500  cm  \  1300  cm  \  1100  cm  \  900  cm  after 
recovery  from  solution  in  SO2  at  -50°C.  However,  the  X-ray  pattern  (Table  l)  of 
the  same  sample  showed  that  extensive  conversion  to  NOAsF^  had  occurred  by 

interaction  with  the  solvent. 

TABLE  I  Diffraction  Pattern  of  N2F3ASF6  (Principal  Lines) 

Before  Dissolving  in  SO?,  After  Recovery  from  SO2  Solution  at  -50°C 


0 

d,  A 

''i. 

d,  i 

5.  37 

40 

5.  37 

40 

- 

- 

73 

30 

4.  44 

100 

4.  43 

100 

- 

- 

*4.  05 

40 

3.  38 

90 

3.  39 

90 

- 

- 

>!‘2.86 

15 

^Principal  lines  of  NOAsFt 

Although  this  has  not  been  confirmed  by  an  examination  of  the 
volatile  products,  it  is  probable  that  the  .  eaction  proceeds  as  shown  in  equation  (4). 

N2F3ASF6  +  SO2  - NOAsFe  +  SOF2  +  1/2  N2F2  (4) 

It  is  furthermore  quite  reasonable,  on  the  basis  of  present  observations,  to  assume 
that  the  decomposition  of  the  N2F3^  cation  in  the  attempted  metathesis  with  Me4NC104 
in  SO2  is  due  to  reaction  with  the  solvent  as  shown  in  (4).  The  yellow  color 
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observed  in  the  solution  may  be  indicative  of  some  perchlorate  decomposition,  but 


it  is  obviously  a  minor  reaction  since  virtually  all  of  the  initial  perchlorate  is 


recovered  as  NOCIO4.  The  formation  of  NOCIO4  is  easily  explained  by  the  reaction 


shown  in  (5). 


NOAsFfe  +  'CH3)4NC104  - >  NOCIO4 


+  (CHj)jNAsF6 


V 

We  are  in  the  process  of  searching  for  a  solvent  medium  in  which  we 
may  determine  unequivocally  whether  N^Fj^  and  CIO4  can  coexist.  During  this 
report  period  we  observed  that  the  strongly  acidic  solvent,  HSO3F,  is  not  compatible 
with  N2F3ASF6.  Other  possible  solvents  to  be  examined  include;  BrFj,  SOF2. 

CF2O,  CF3OF,  and  (CF3)2C0. 

B.  Fluorination  Studies 

The  work  with  Group  V  pentafluoride  adducts  of  simple  NF  compounds  is 
directed  primarily  toward  the  synthesis  of  new  solid  oxidizers.  We  have  recently 
initiated  a  study  of  the  fluorination  and  oxyfluorination  of  chlorine  containing 
compounds,  which  is  directed  toward  the  synthesis  of  new  liquid  oxidizers.  We 
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intend  to  examine  the  reactions  of  F^,  OF2,  and  O2F2  with  a  variety  of  simple 


chlorine  containing  compounds,  and  their  complexes  with  CsF  and  AsFs- 


1)  Fluorination  of  CI2NF 


The  fluorination  of  CI2NF  in  the  presence  of  CsF  was  examined  as 


a  possible  route  to  F3CINF,  as  shown  in  equation  (6).  The  reactants  were  stored 
CsF  +  CI2NF  15 CsF*Cl2NF  — § C8CIF2  +  F3CINF  (6) 


at  -78®C  in  a  stainless  steel  cylinder  for  one  week.  CINF2.  NF3,  and  N2F2  were 


the  only  volatile  products  of  the  reaction. 


Arsenic  pentafluoride  behaved  as  a  fluorinating  agent  rather  than 


forming  a  complex  with  CI2NF,  producing  CINF2  and  ASF3. 


2)  Attempted  Preparation  and  In  Situ  Fluorination  of  CF3OCI 


An  attempt  was  made  to  fluorinate  the  presumably  unstable 


compound,  CF3OCI,  at  reduced  temperatures  as  an  approach  to  new  chlorine 


oxyfluorides  (eq.  7).  CSOCF3  was  prepared  at  room  temperature  by  the  reaction 

-  "'S®  F 

CSOCF3  +  CI2  - 7, — CsCl  +  CIOCF3  ^ CSCIF2  +CF4  +  CIOF  (7) 
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of  COF2  with  CsF.  The  solid  was  exposed  to  an  equimolar  quantity  of  CI2  for 
twenty-four  hours  at  -78°C,  and  then  fluorine  was  added.  The  CsOCf'3  was  simply 
converted  to  CFjOF  (eq.  8),  and  CI2  was  recovered  quantitatively. 

78^ 

CSOCF3  +  F,  CsF  +  CF3OF  (8) 

3)  Reaction  of  "Cl2*02AsF5"  with  Fluorine 

Chlorine  forms  an  uncharacterized  purple  complex  with  O2ASF6  which 
is  stable  at  -78°C  (Ref  8).  An  investigation  uf  the  fluorination  of  this  adduct  has 
been  initiated  with  the  view  of  preparing  Cl-O-F  compounds.  In  our  initial 
experiment,  O2ASF6  was  treated  with  CI2  at  -78°C  in  order  to  form  the  complex. 
Excess  F2  was  added  and  the  reaction  mixture  stored  at  -78°  for  five  days.  The 
infrared  spectrum  of  the  gaseous  products  showed  the  presence  of  CIO2  and  an 
unidentified  component.  Mass  spectroscopic  analysis  showed  the  presence  of  CI2. 

02>  and  CIO2.  No  O2ASF6  was  recovered.  Attempts  to  isolate  and  identify  the 
unknown  component  in  the  products  are  in  progress. 
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EXPERIMENTAL 

Attempted  Reaction  of  Ammonium  Perchlorate  with  N2F3ASF6  in  Sulfur  Dioxide 

Ammonium  perchlorate  which  had  been  dried  in  vacuo  for  30  hoars  was 
mixed  for  one  hour  with  N2F3ASF6  in  an  agate  mortar  under  dry  nitrogen.  Samples 
of  the  mixture  were  examined  by  X-ray  and  infrared.  Both  analyses  indicated  the 
presence  of  unreacted  N2F3ASF6. 

In  an  inert  atmosphere  box,  approximately  one  millimole  (0.  12  g)  of  dry 
NH4CIO4  and  a  threefold  excess  of  N2F3ASF6  were  added  to  one  log  of  an  "H- shaped" 
glass  reactor.  The  legs  of  the  reactor  were  connected  by  a  tube  containing  a 
sintered  glass  filter  disc.  The  reactor  was  attached  to  a  vacuum  system, 
evacuated  and  then  cooled  to  -196°C.  Sulfur  dioxide  was  condensed  on  the  solid 
mixture  and  then  the  -196°C  bath  was  removed  to  allow  the  sulfur  dioxide  to  melt. 

A  good  portion  of  the  solid  was  cbserved  to  dissolve  in  the  SO2  at  its  melting 

4 

point  (-73°).  A  -50°  bath  was  placed  under  the  reactor.  After  2-3  hours  the 

solution  was  forced  through  the  filter  disc  (with  N2  pressure)  to  the  other  leg  of 

the  reactor.  The  SO2  was  then  distilled  out  of  the  i'eactor. 

-  10  - 
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An  infrared  spectrum  of  the  insoluble  ;5olid  fraction  showed  that  it  was 
virtually  pure  NK4CIO4,  there  was  a  weak  AsF^  absorption  at  700  cm  ,  but  no 
trace  of  the  ion.  The  soluble  fraction,  as  expected  in  view  of  the  large 

initial  excess,  was  predominantly  N2F3ASF6. 

Attempted  Reaction  of  (CH3)4NC104  with  NzFsAsF^ 

(CH3)4NC104  was  obtained  by  mixing  saturated  aqueous  solutions  of 
(CH3)4NBr  and  Ba(C104)2.  The  (CH3)4NC104  was  obtained  as  a  milky  white  pre¬ 
cipitate  (solubility  1.6g/l00  ml)  which  was  washed  with  ice  water  and  dried  in  vacuo 
at  120°C.  The  infrared  spectrum  of  the  solid  exhibited  a  sharp  CIO4 
band  at  1080  cm  in  addition  to  bands  characteristic  of  (CH3)4N^.  Its  X-ray 
pattern  [4.  1 7 1  (S),  5.85  (M),  4.84(m)]  was  identical  to  the  A.S.  T.M.  pattern  of 
(CH3)4NC104.  a  sample  of  (CH3)4NC104  was  shown  to  be  unreactive  toward 
N2F3AsFft  in  the  dry  state  by  X-ray  and  infrared  analysis  of  an  equimolar  mixture 
formed  by  mechanical  agitation  for  two  hours. 

In  a  dry  nitrogen  box,  one  millimole  (0.  17  g)  (CH3)4NC104  and  approximately 
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1.5  niiliimoles  N2F3ASF6  (0.4i  g)  were  added  to  the  glass  reactor  described 

previously,  and  treated  with  SO2  at  -50°C  as  was  done  in  the  experiment  with 

NH4CIO4.  The  soluble  solid  fraction  was  examined  by  infrared  and  X-ray.  The  spectra 

obtained  were  identical  to  those  of  an  authentic  sample  of  (CH3)4NAsF6.  The  major 

X-ray  lines  of  (CH3)4NAsF6  are:  6.07  (S).  5.08  (M).  4.  35(V.S.),  2.04  (M).  The 

-  1  “1 

infrared  of  the  insoluble  solid  fraction  showed  weak  bands  at  1300  cm  ,  1100  cm  , 
and  930  cm  ^  that  might  be  due  to  N2F3^,  a  very  weak  AsF^  absorption  at  700  cm  \ 
and  a  strong  broad  perchlorate  band  at  1100-1050  cm  \  The  X-ray  pattern 


indicated  a  mixture  of  NOCIO4  and  (CH3)4NAsF6. 

Since  it  is  known  that  N2F3ASF6  decomposes  slowly  to  NOAsFt  in  glass,  the 
reaction  of  N2F3ASF6  with  (CH3)4NAsF6  in  SO2  was  repeated  several  times  in  a 

Kel-F  reactor.  However,  in  each  case  the  result  was  identical  to  that  obtained 


in  glass;  namely,  NOCIC4  was  the  major  component  of  the  insoluble  fraction. 

N2F3ASF6  was  dissolved  in  SO2  in  a  Kel-F  tube  and  held  at  -50°  for  two 
hours.  The  solid  recovered  from  this  solution  exhibited  N2F3^  absorptions  at 
1500  cm  ,  1300  cm  ,  1100  cm  and  900  cm  ^  in  the  infrared.  Its  X-ray  pattern. 


Is 
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however,  indicated  that  it  was  approximately  a  60:40  mixture  of  N2F3AsF(,  and 
NOAsFfe. 

Fluorination  of  Dichlorofluorainine 

Approximately  2  millimoles  of  dichlorofluoramine  (Ref  9)  was  condensed 
onto  CsF  in  a  300  ml.  stainless  steel  cylinder  at  -196*^  and  10  millimoles  of  fluorine 
were  added.  The  cylinder  was  allowed  to  stand  at  -78°  for  one  v^eek.  Fluorine  was 
then  pumped  out  of  the  cylinder  at  -196°.  Examination  of  the  residual  gas  at  room 
temperature  by  infrared  and  mass  spectroscopy  indicated  the  presence  i ..  CINF2, 

NF3,  and  N2F2. 

Reaction  of  CsF  with  COF2 

(a)  To  .  188  g.  (12.4  mmole)  of  CsF  in  Fischer-Porter  aerosol 
compatibility  tube  was  added  25  ml.  of  dry  CH3CN.  The  reaction  mixture  was  cooled 
to  -196°C  and  12.  4  mmole  COF2  introduced.  The  reaction  mixture  was  stored  at 
ambient  temperature  overnight.  No  change  in  pressure  was  observed.  However, 
the  gaseous  fraction  was  found  to  be  a  mixture  of  CF4  and  CO2.  The  CH3CN  was 
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removed  in  vacuo  and  the  solid  product  pumped  on  for  several  hours  to  yield  1.95  g. 


of  crystalline  material.  Thermal  decomposition  of  this  solid  yielded  CH3CN. 


(b)  To  0.94  g.  (6.2  mmole)  of  CsF  in  20  ml.  of  CH3CN  at  -196°C  was 


added  6.  2  mmolv^  of  (CF3)2C=0.  After  stirring  the  reaction  mixture  at  room 


temperature  a  solution  was  obtained.  To  this  solution  was  added  6.2  mmole  of  COF2. 


After  stirring  at  room  temperature  the  gaseous  fraction  was  sampled  and  found  to  be 


a  mixture  of  COF2  and  (CF3)2C=0.  Evaporation  of  the  solvent  in  vacuo  yielded  1.  32 


of  a  white  solid  which  upon  thermal  decomposition  liberated  {CF3)2C=0,  COF2  and 


CH3CN. 


(c)  A  125  ml.  stainless  steel  bomb  was  charged  with  10  g.  (65.7  mmole) 


of  CsF  and  some  stainless  steel  balls.  Then  5  mmoles  of  COF2  was  added  and  the 


reaction  mixture  was  placed  in  a  wrist  shaker  for  4  hours  after  which  time  an  80 


percent  drop  in  pressure  was  observed.  The  residual  pressure  was  due  to  CO2  and 


CF4.  Upon  thermal  decomposition,  a  sample  of  the  solid  product  liberated  only  COF2. 


Keaction  of  CSOCF3  with  CI2/F2 


To  a  mixture  of  CsF  and  5  mmoles  of  CSOCF3  prepared  as  outlined  above  in 


Report  RMD  5043-66 


REACTION  MOTORS  DIVISION 

paragraph  (c),  was  added  at  -196°C  2.5  mmole  of  Clj.  The  reaction  mixture  was 
allowed  to  warm  to  -78°C  and  stored  ov’crnight.  The  reaction  mixture  was  cooled 
to  -196'’C  and  a  large  excess  of  F2  was  added.  After  stpnding  at  -78°C  for  5  days, 
the  reactor  w'as  cooled  to  -196°C  and  the  unreacted  F2  removed.  The  residual 


material  was  fractionated  and  characterized  as  CI2  and  CF3OF. 


Reaction  of  Clz'OzAsF^  with  F2 

A  stainless  steel  cylinder  was  charged  with  0.55  g.  (2.5  mmole)  of  OaAsFj. 
evacuated  and  then  cooled  to  -196°C.  Then  2.  5  mmole  of  CI2  was  added  and  the 
recation  mixture  was  allowed  to  stand  overnight  at  -78°C.  The  reactor  was  again 
cooled  to  -196°C  and  a  large  excess  of  F2  was  added.  After  standing  5  days  at 
-78°C  the  unreacted  F2  was  removed  and  the  gaseous  products  were  collected  at 
-78°C,  -95°C  and  -196°C.  An  uncharacterized  component  was  present  in  both  the 
-95°C  fraction  and  the  -196°C  fraction.  The  products  identified  include;  CI21  O2, 
CIO2.  CO2  (which  is  an  impurity  in  the  Cl2)>  and  COF2. 
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ABSTRACT  -  ORGANIC  NF  CHEMISTRY 


No  stable  adducts  could  be  isolated  in  the  reactions  of  -^-NFz  and 
^=NF  compounds  with  AsFs  or  BF3.  Attempts  to  synthesize  N-fluorooxaziranes 
from  ketoflaorimines  were  unsuccessful.  CF3OF  does  not  form  adducts  with 


ASF5  or  BF3. 
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DISCUSSION  -  ORGANIC  NF  CHEMISTRY 


Earlier  reports  (Refs  1,2)  in  this  area  have  dealt  with  the  reactions  of 


alkyldifluoranaines  with  a  variety  of  reagents,  with  the  preparation  and  chemical 


properties  of  bi£(difluoramino)cyclohexenes,  and  with  the  reactions  of  the  keto- 


fluorimino  group.  The  latter  study  was  directed  toward  determining  the  scope  of 


the  active  hydrogen  addition  reaction  which  is  characteristic  of  perfluoroguanidine. 


This  report  presents  results  of  investigations  of  three  aspects  of  organic 


difluoramine  chemistry,  namely,  the  synthesis  of  C-N-F  cations  by  fluoride  addition 


to  AsFs  and/or  BF3,  the  synthesis  of  N-fluorooxaziranes ,  and  the  synthesis  of 


CxFyOn  salts  to  serve  as  intermediates  in  the  preparation  of  C-ONF2  compounds. 


Since  the  results  in  each  of  these  areas  were  not  encouraging,  no  further 


work  with  organic  N-F  compounds  is  planned  for  the  remainder  of  the  program. 


A.  Reaction  of  Organic  N-F  Compounds  with  Lewis  Acids 

Inorganic  fluorine  compounds,  such  as  N2F2,  have  been  shown  (Ref  1  and  3) 


to  react  with  fluoride  ion  acceptors  to  give  new  inorganic  cations  (eq.  1). 
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An  investigation  of  the  extension  of  this  type  reaction  to  organic  N-F  compounds  has 


been  explored  as  a  route  to  new  and  potentially  valuable  oxidizer  structures 


(eqs.  2  and  3). 


F2N 


FzN 


\ 


C  ^  NF  +  AsF?  - 


NFz 


NF, 


!  AsFe'  (2) 


NF, 


NF- 


AsFfe  +  KCIO4  - 


NF, 


'^c=n'^ 


NF,' 


CIO4'  +  KAsFe  (3) 


In  exploratory  runs  with  N,  N,  N' -trifluoropentoxyformamidine  and  with 


1 ,  2 -bis(difluoramino)cyclohexane  indications  of  fluoride  ion  abstraction  were 


obtained  although  extensive  decomposition  also  occurred  (Ref  2). 


Since  BF3  could  be  expected  to  react  less  vigorously  than  AsFs  with  organic 


N-F  compounds  several  experiments  were  conducted  with  BF3  and  l,2-bis(di- 


fluoramino)-cyclohexane  (eq.  4).  When  the  reaction  was  conducted  in  the  absence 
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of  a  solvent  a  solid  product  was  obtained  but  extensive  decomposition  occurred  (Ref  3). 


When  the  reaction  was  conducted  in  CH2CI2  at  0°C  a  yellow  intractable  solid  was 


obtained  which  slowly  turned  to  a  dark  resinous  mass  at  ambient  temperatures. 


This  dark  resinous  mass  was  obtained  immediately  when  the  reaction  was  conducted 


i.n  liquid  SO2.  Because  of  the  intractable  nonhomogeneous  nature  of  the  reaction 


product,  meaningful  analytical  data  could  not  be  obtained.  However,  the  presence 


of  boron  in  the  solid  product,  as  indicated  by  a  flame  test,  was  confirmed  by  mass 


spectroscopic  analysis.  Moreover,  the  boron  presen’'  in  the  product  is  retained 


when  it  is  heated  in  vacuo  at  50°C,  suggesting  that  it  is  present  as  BF4  . 


Similar  results  were  obtained  when  the  reaction  was  conducted  with 


1 , 2-bis(difluorimino)cyclohexane . 


B.  Peroxide  Oxidation  of  Ketoflunrimines 


The  oxidation  of  alkylimines  with  peroxides  (eq.  5)  to  yield  oxazirane 
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derivatives  has  been  reported  (Ref  4,  5).  Application  of  this  reaction  to  the 


RzC  =  NR'  + 


->  RzC - NR' 


preparation  of  N-fluorooxaziranes  has  been  briefly  explored  (Ref  3).  No  reaction 


was  found  to  occur  between  trifluoropentoxylformamidine  and  benzoylperoxide  in 


CHzClz  at  25°C  (Ref  3).  Similarly  no  reaction,  (eq.  6)  was  observed  between 


1 , 2-bls(difluorimino)cyclohexane  and  benzoylperoxide  at  25°  or  at  elevated  temperatures 


C.  Attempted  Preparation  of  CF3O  Salts 


The  preparation  of  CF3O  salts  by  the  reaction  of  CF3OF  with  fluoride 


ion  acceptors  (eq.  7)  was  explored  as  a  model  system  in  the  development  of  an  ionic 


route  to  FxC(ONF2)4-x  compounds  (eq.  8). 


CF3OF  f  AsFs 


->  CF3G  AsFfc 


CF3O  AsF^  1  (|)3CNF2  '  CF3ONF2  +  (|)3CAs1?'j 
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No  reaction  occurred  between  CF3OF  and  BF3.  However,  a  trace  amount 


of  solid  was  obtained  from  an  equimolar  mixture  of  CF3OF  and  AsF>;  which  exhibited 


an  AsFfc  absorption  in  the  infrared  at  700  cm  .  Appreciable  quantities  of  this 


solid  were  not  obtained,  even  when  an  excess  of  AsFs  was  employed  and  the 


reaction  time  was  extended.  It  was  concluded  therefore,  that  the  solid  was  not 


an  adduct  of  CF3OF  and  ASF5,  but  rather  a  product  of  the  reaction  of  AsFj  with 


some  minor  impurity  in  the  system. 


-  22  _ 

CONFIDENTIAL 


Report  RMD  5043-66 


CONFIDENTIAL 


REACTION  motors  0  VISION 

EXPERIMENTAL 


1 .  Reaction  of  1 , 2- Bis(difluoramino)cyclohcxariC  with  BF3 

(a)  To  a  solution  of  0.41  g.  (2.20  mmole)  of  1 , 2-bis(difluoramiiio)- 
cyclohexane  in  10  ml.  CH2Ci2  at  -196°C  was  added  4.40  mmoles  of  BF3.  The  reaction 
mixture  was  stirred  at  -30°C  for  2.  5  hours,  filtered  and  the  pasty  yellow  solid 
was  pumped  on  in  vacuo  for  1  hour.  Heating  the  solid  in  vacuo  at  50°C  was 


accompanied  by  considerable  darkening  of  the  solid  but  no  BF3  was  evolved. 

(b)  A  solution  of  0.20  g.  (1.07  mmole)  of  1 , 2 -bis(difluoramino)cyclohexane 
in  10  ml.  of  SO2  was  prepared  and  cooled  to  -196°C.  Then  2.  14  mmoles  of  BF3 
was  added  and  the  reaction  mixture  was  warmed  to  -30°C.  The  solution 


immediately  became  dark  brown.  After  removing  the  SO2  in  vacuo  a  brown  tacky 


mass  was  obtained. 


2.  Reaction  of  1 , 2-Bis(difluorimino)cycIohexane  with  BF3 

To  a  solution  of  0.35  g.  (2.39  mmole)  of  1 , 2-bis(difluorimino)cyclohexane 

in  12  ml.  of  CH2CI2  at  -196°C  was  added  4.8  mmole  of  BF3.  The  reaction  mixture 

was  stirred  for  several  hours  at  0°C.  A  brown  insoluble  oil  first  formed  and 
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Subsequently  congealed  into  a  brown  tacky  resinous  mass. 


3.  Reaction  of  1 , 2- Bis(difluorimino)cyciohexane  with  Benzoylperoxide 


(a)  To  a  solution  of  0.50  g.  (3.4  mmole)  of  1 ,  2 -bis(difluorimino)cyclo- 


hexane  in  50  ml.  of  CK2CI2  at  40°C  was  added  dropwise  a  solution  of  1.90  g. 


(6.8  mmole)  of  benzoylperoxide  in  100  ml.  of  CH2CI2.  The  reaction  mixture  was 


refluxed  4  hours,  washed  with  Na2C03  and  CH2CI2  layer  stored  over  Na2C03. 


Finally  the  CH2CI2  was  evaporated  to  yield  a  pasty  mass  consisting  of  unreacted 


benzoylperoxide  and  1 , 2-bis(difluorimino)cyclohexane. 


(b)  To  a  solution  of  0.35  g.  (2.39  mmole)  of  1 , 2-bis(difluorimino)cyclo- 
hexane  in  75  ml.  of  dichloroethane  at  80°C  was  added  dropwise  a  solution  of  1.30  g. 


(5.68  mmole)  ob  benzoylperoxide  in  100  mi.  of  dichloroethane.  The  reaction 


mixture  was  refluxed  for  several  hours,  cooled,  and  washed  v/ith  Na2C03.  The 


organic  phase  was  dried  over  Na2C03  and  subsequently  evaporated  to  give  a  pasty 


mass.  This  solid  was  washed  with  chilled  Freon-113  and  characterized  as 


unreacted  benzoylperoxide.  The  Fre-rn  filtrate  upon  evaporation  yielded  0.36  g. 


of  a  red-brown  liquid  which  consisted  primarily  of  unreacted  1 , 2-bis(difl>ioramino)- 
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cyclohexane  but  whose  infrared  spectrum  had  uncharacterized  absorptions  at 


6.1-6.Z  and  6.  9-7.0. 


4.  Reaction  of  CF3OF  with  BF3 


Equimolar  amounts  of  CF3OF  and  BF3  were  condensed  in  a  Kel-F  tube 
at  -196°C  and  then  allowed  to  warm  slowly  to  room  temperature.  The  gases  were 


recondensed  several  times.  No  evidence  for  reaction  was  observed  and  the 


CF3OF  and  BF3  were  recovered. 


5.  Reaction  of  CF3OF  and  AsFs 


(a)  Equimolar  amounts  of  CF3OF  and  AsFg  were  condensed  in  a 


Kel-F  reactor  and  then  allowed  to  warm  slowly  to  room  temperature.  The 


mixture  was  recondensed  several  times.  After  standing  at  room  temperature 


overnight  a  trace  amount  of  solid  was  obtained  which  exhibits  the  characteristics 


AsFft  absorption  in  the  infrared.  The  gaseous  fraction  consisted  of  unreacted 


reagents. 
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(b)  A  3:1  mole  ratio  of  AsFs  to  CF3OF  was  condensed  in  a  Kel-F 
reactor  at  -196°C  and  then  stored  overnight  at  -78°C.  The  reaction  mixture 
was  allowed  to  warm  slowly  to  room  temperature.  After  standing  at  ambient 
temperature  for  several  hours  only  a  trace  amount  of  solid  was  obtained. 
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2o,  REPORT  SrXUFITY  CLASSIFICATION:  Enter  the  over* 
i  )11  security  elnssification  of  the  report.  Indicate  whether 
.*  ‘‘Restricted  D«»ta**  is  included  Marking  Is  to  be  in  accord* 

I  iincc  with  appropriate  security  regulations. 

>  2h.  CiROUP:  Automatic  downgrading  is  specified  In  DoD  Di¬ 
ll  rectivc  5200.10  and  Armed  Forces  Industrial  Manual.  Enter 

!{  the  group  number.  Also,  when  applicable,  show  that  optional 

>  markings  have  been  used  for  Group  3  and  Group  4  as  author* 
ized 

"  3.  Rl'TORT  TITLE:  Enter  the  complete  report  title  in  oil 
I  CHpii.tl  letters.  Titles  in  nil  cases  should  be  unclassified. 

I  1(  .1  meaningful  title  cannot  be  selected  without  classifica- 
^  tion,  ^liow  title  classification  in  all  capitals  in  parenthesis 
f  itum'  diately  following  the  title, 

I  4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
{  report,  c.  g. .  interim,  progress,  summary,  annual,  or  final. 

;i  Give  tlie  iciustve  date**  when  a  specific  reporting  period  Is 
covered. 

AUTllOR(S>:  Enter  the  nnme(s)  of  nuthoKs)  as  shown  on 
ur  in  the  report.  Enlej  last  name,  first  name,  middle  initial. 

K  n'-iMtary,  yhow  rank  and  branch  of  service.  The  name  of 
j  the  principal  «  *lhor  iS  en  absolute  minimum  requirement. 

*  o.  K1  PORT  DATE.  Enttr  the  date  of  the  report  as  dny, 

•  month,  year;  or  month,  year.  If  more  than  one  date  appears 
on  ill*  r«'port,  use  date  of  publication. 

jj  7.,.  TOTAL  NUMHER  OF  PAGES;  Tho  total  page  count 
J  i.hould  follow  normal  pagination  procedures,  i.e.,  enter  the 
u  number  of  pages  containing  information. 

j  7b.  NlIMliER  Oi'  HEFFRENCES:  Enter  the  total  number  of 
j  lelerences  cited  in  the  report. 

ij  Sa.  CONTRACT  OR  GRANT  NUMBER;  If  appropriate,  enter 
"  t!io  ..Tplicablc  number  of  the  contract  or  grant  under  which 
5  the  I.  port  was  'vritten. 

'  yb,  8c,  Ct  8cf.  PROJECT  NIjMBER:  Enter  the  appropriate 
military  department  idciitificatinn,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

y.i.  ORIGINATOR’S  REPORT  Nl^MBER(S):  Enter  the  offl- 
^  ciaJ  report  number  by  which  the  document  will  be  identified 
•  and  c  ontrolled  by  the  originating  activity.  This  number  must 
;  be  unique  to  this  report. 

bb.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
n'ln  d  any  other  report  r.umbera  (either  by  the  o/f^inafor 
(*r  6v  the  sponsor),  also  enter  this  number(s), 

'  10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  Ilm- 

uations  on  further  diss  minavion  of  the  report,  other  than  lhoi»e 


Imposed  by  security  claaslflcation,  using  standard  statements 
such  as: 

(1)  ‘‘Qualified  requesters  may  obtain  copies  of  thia 
report  from  DDC.“ 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized." 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  ahall  request  through 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC  Other  qualified  users 
shall  request  through 

M 


(^)  “All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 

»» 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOTEIS:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay 
ind  for)  the  research  and  development.  Include  address. 

13.  ABSTRACT:  Entei  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  repo»^.,,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall* 
bv  attached. 

It  is  highly  desirable  that  l!je  abstract  of  classified  reports 
be  unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  frs;.  fSj.  (C).  or  (U).  \ 

There  is  no  limitation  on  the  length  of  the  abstract.  How-  ! 
ever,  the  suggested  length  is  from  ISO  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  phrases  that  characteiize  a  repon  and  may  be  used  as 
Index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  t»*at  no  security  classification  is  required.  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  optional. 
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